We present the results of our optical identifications of several hard X-ray sources from the INTEGRAL all-sky survey obtained over 14 years of observations. Having improved the positions of these objects in the sky with the X-ray telescope (XRT) of the Swift observatory and the XMM-Newton observatory, we have identified their counterparts using optical and infrared sky survey data. We have obtained optical spectra for more than half of the objects from our sample with the RTT-150 and AZT-33IK telescopes, which have allowed us to establish the nature of the objects and to measure their redshifts.
INTRODUCTION
The INTEGRAL observatory (Winkler et al. 2003 ) has operated in orbit and performed sky observations in the hard X-ray energy range (>20 keV) for more than 15 years. In this period a significant exposure has been accumulated and a high sensitivity has been achieved in various sky regions, including the Galactic plane (Revnivtsev et al. , 2006 Molkov et al. 2004 ; Krivonos et al. 2012 Krivonos et al. , 2017 Bird et al. 2016 ) and a number of extragalactic fields (Grebenev et al. 2013 ; Mereminskiy et al. 2016) , which has led to the discovery of several hundred new hard X-ray sources (see, e.g., Krivonos et al. 2007 Krivonos et al. , 2012 ; Bird et al. 2016 ). In particular, a list of 72 new, previously unknown objects was presented in a recent paper by Krivonos et al. (2017) .
The completeness of the catalog of hard X-ray sources detected by the INTEGRAL observatory is very high owing to a large number of works on their identifications in the soft X-ray, visible, and infrared bands (see, e.g., Masetti et al. 
INSTRUMENTS AND DATA
Coded-aperture instruments allow the positions of sources to be determined with an accuracy that, as a rule, is insufficient for their unequivocal optical identification. Therefore, to improve the localization of the objects from our sample, we used publicly accessible sky observations by the Swift and XMM-Newton space observatories. Since 523 most of the objects being investigated have been detected for the first time and have not been observed previously by other observatories, we performed their additional soft X-ray observations with the X-ray telescope (XRT) of the Neil Gehrels Swift Observatory (hereafter simply the Swift observatory) to improve the localization accuracy.
In most cases we were able to determine the soft X-ray counterparts of the hard X-ray sources detected by the INTEGRAL observatory and to improve their positions in the sky. This allowed the optical object associated with the X-ray source to be determined.
Note that for all objects, based on the significance of their detection, we took the INTEGRAL position accuracy to be 4 (Krivonos et al. 2007 (Krivonos et al. , 2017 . This is a fairly large uncertainty, especially for the Galactic plane; therefore, we ran into ambiguity in choosing a soft X-ray counterpart of the hard Xray source. The spectra of the hard X-ray sources used here were reconstructed from the INTEGRAL observations over 14 years using special software de-veloped at the Space Research Institute of the Russian Academy of Sciences (see Churazov et al. 2005 Churazov et al. , 2014 ; Krivonos et al. 2010) .
The XRT/Swift data were processed with the corresponding software 1 of the HEASOFT 6.22 package 2 . The positions of the objects in the XRT/Swift images and their localization accuracy were determined with standard recommended procedures and algorithms 3 (Goad et al. 2007 ; Evans et al. 2009 ). The XMM-Newton data (archival observations were available for two objects from the sample) were processed with the SAS version 16.1 software and the most up-to-date calibration data. In what follows, we will provide the sky images obtained by the X-ray telescopes only if there is ambiguity in choosing a soft X-ray counterpart of the hard X-ray source. The X-ray spectra of the sources were fitted using the XSPEC package.
Since the observations of the soft and hard (INTEGRAL data) X-ray sources occurred at different times, in our joint analysis of the spectra we added an additional parameter (floating normalization) to the model to take into account the possible variability of the X-ray flux from the sources. This parameter is measured relative to the INTEGRAL data and corresponds to the coefficient by which the data from other observatories should 1 http://swift.gsfc.nasa.gov 2 https://heasarc.nasa.gov/lheasoft/ 3 http://www.swift.ac.uk/user_objects/ be divided to equalize the normalizations. Among other things, we provide this parameter in the final table. When simultaneously modeling the spectra, we used the χ 2 -statistic; to determine the X-ray flux and luminosity in the soft X-ray band, we modeled only the soft X-ray spectra and used the C-statistic (cstat).
The positions of the sources in the optical and near-infrared bands presented in the paper were taken from the publicly accessible catalogs of the PanSTARRS, UKIDSS, and VVV sky surveys. We investigated the objects in the mid-infrared based on data from the open source catalogs of the Spitzer (GLIMPSE survey) and WISE space observatories.
To perform spectroscopic studies of some of the objects from the sample, we used the observational data from the Russian-Turkish 1.5-m telescope (RTT-150) obtained with the medium-and lowresolution TFOSC spectrometerTFOSC 4 . For the spectroscopy we used the N15 grism that gives the widest wavelength range (3500 − 9000Å)and the greatest quantum efficiency. The spectral resolution in this case was ≈ 12Å (full width at half maximum). Apart from RTT-150, for our spectroscopic observations we also used the 1.6-m AZT-33IK telescope of the Sayan observatory (Kamus et al. 2002) , the ADAM spectrograph with a 2-arcsec slit and a VPHG600R grating (Afanasiev et al. 2016; Burenin et al. 2016 ). The spectral resolution of the instrument is ≈ 7.5Å (full width at half maximum) in the wavelength range 6520 − 10100Å.
All of the spectroscopic observations were proessed in a standard way using the IRAFIRAF 5 software and our own software package. To calculate the photometric distance D L , we used the cosmological parameters H 0 = 67.8 (km/s)/Mpc and Ω M = 0.308 (Planck Collaboration 2016).
OPTICAL IDENTIFICATION OF SOURCES
Basic data on the sources being investigated in this paper are presented in Table 1 . It provides the names of the sources, the coordinates of their putative soft X-ray counterparts from the Swift and XMM-Newton data, the localization accuracy, and the total flux. Detailed information about the properties and presumed nature of each of the objects listed in Table 1 is given below. X -Based on the archival XMM-Newton data.
IGR J01017+6519
Since previously the sky region around the source was not observed in the soft X-ray band, we requested the XRT/Swift observations (ObsID 00010021001, April 2017). Based on these observations, we were able to localize the source with a good accuracy, which allowed its counterpart in the optical and infrared bands to be identified ( Table 1 , Fig. 1 ). The broadband spectrum of the source is well described by a power law with absorption ( Fig. 1, Table 2 ).
To identify the source in the optical and infrared bands, we used the PanSTARRS and WISE data. The PanSTARRS data were used to determine the object's position with a high accuracy (Table 3) , while owing to the WISE data we were able to draw preliminary conclusions about its nature. In particular, it follows from the mid-infrared WISE photometric data that the star-like object falling into the XRT/Swift error circle has a noticeable infrared excess (W 1 − W 2 = 0.993, W 3 − W 4 = 2.675) typical for young stellar objects (Koenig and Leisawitz 2014) or quasars (Yan et al. 2013 ). This object is also present in the catalog of young stellar objects (Marton et al. 2016) , where the selection was made based on the WISE and 2MASS colors. To clarify the nature of the source, we performed optical spectroscopic observations with the AZT-33IK telescope. The exposure time was 50 min. Despite the low flux (r∼23 from the PanSTARRS data), we were able to obtain a significant spectrum of the source. A redshifted broad H α emission line is clearly seen at a wavelength of 7123.2Å , suggesting that the object being investigated is most likely the active nucleus of a Seyfert 1 galaxy at redshift
. Apart from the hydrogen line, a narrow N II line is seen in the spectrum, which is also typical for objects of this class. The fact that, according to the NVSS (21 cm) data, the source exhibits a radio activity, which is quite typical for active galactic nuclei (AGNs), can serve as an additional confirmation for an extragalactic nature of the object. . According to the results obtained, both these galaxies are detected as faint X-ray sources with comparable fluxes. Thus, each of them could be a counterpart of IGR J08215-1320. However, if we compare the sky images constructed in the 0.5-3 and 6-10 keV energy bands (see Fig. 2 ), then it becomes clear that the galaxy NGC 2578 that we see edge-on is a significantly softer X-ray source than the galaxy MCG-02-22-003 that we see face-on. Thus, the most probable counterpart of IGR J08215-1320 is the galaxy MCG-02-22-003 (PGC 023449) that, according to the 6dF spectroscopic database (g0821335-132104; Jones et al. 2009 ), has a redshift z = 0.0144(D L 62M pc). According to this database, it possesses a set of characteristic features, such as narrow Balmer, N II, and O III emission lines, and is a Seyfert 2 galaxy. 
IGR J08321-1808
Using the archival IBIS/INTEGRAL and XRT/Swift observations (ObsID: 00046937001) of this object, we improved its localization and obtained its spectrum in a wide X-ray energy range ( Table 2 , Fig. 3 ). Note that the soft X-ray counterpart of the hard X-ray source was observed previously and is present in the catalogs of sources of the ROSAT sky survey (Voges et al. 1999 ) and the XRT/SWift 1SXPS catalog of soft X-ray sources (Evans et al. 2014 ).
The high XRT positional accuracy of IGR J08321-1808 allowed the source to be unequivocally identified in the optical band using PanSTARRS sky maps. It can be seen from 655M pc) are clearly distinguishable. All these features are typical for Seyfert 1 galaxies.
IGR J11299-6557
To improve the localization of the object, we requested the XRT/Swift observations (ObsID 00010544001, February 2018), based on which we were able to determine the soft X-ray counterpart of the source and to measure its X-ray flux ( Table 1) . The combined broadband spectrum of the object from the XRT/Swift and IBIS/INTEGRAL data is well described by a simple power law with absorption ( Table 2 , Fig. 4 ).
Owing to the high XRT localization accuracy of the source, we were able to unequivocally identify the infrared counterpart of the object WISE J112956.44-655521.8 using WISE data (see Fig. 4 and Table 2 ), which is a very bright object in the mid-infrared with magnitudes W 2 = 9.969 ± 0.020 and W 4 = 4.475 ± 0.021. To classify the object, we used the selection criterion from Stern et al. 
IGR J14417-5533
Owing to the XRT/Swift observations (ObsID 00010546001, February 2018), we were able to improve the localization of this source, which, in turn, allowed the counterpart of the object in the mid-infrared to be determined (WISE J144118.74- Fig. 5 ). The XRT/Swift observations also allowed us to measure the flux from the source (Table 1) and, in combination with the IBIS/INTEGRAL data, to construct its broadband spectrum. The constructed spectrum is best described by a power law with absorption ( Table  2 , Fig. 5 ).
553335.1,
The object was classified based on the infrared colors for this source using the same algorithm as that for IGR J11299-6557. Having derived the dereddened color (W 1 − W 2) 0 = 0.95, we used the criterion from Stern et al. (2012) and obtained evidence that the object being investigated is probably an AGN (see also Edelson and Malkan (2012) and Secrest et al. (2015) , where the same conclusion regarding WISE J144118.74-553335.1 was drawn).
IGR J16494-1740
Using the publicly accessible XRT/Swift observations of the fields around this source (ObsID 00040989001), we estimated its X-ray flux in the 2-10 keV energy band (see Table 1 ). The broadband X-ray spectrum of the source is best fitted by a power law with photoabsorption ( Table 2, Fig. 6 ). Owing to the improvement in the position accuracy, we were abale to identify the X-ray source with the galaxy ESO 586-4 (also known as IRAS 16464-1733). Note that this object is present under the name 1SXPS J164920.9-173840 in the XRT/Swift catalog of soft X-ray sources (Evans et al. 2014 ). Our estimates of the X-ray flux agree well with its estimates from the above paper. At the same time, the localization accuracy of the object in our case turns out to be higher (probably due to the use of a more up-to-date version of the software). In the case under consideration, this is not so important, because the choice of an optical counterpart is obvious and unambiguous.
Our spectroscopic observations of this galaxy with RTT-150 allowed us to obtain significant spectra of the object (Fig. 6 ) and to determine its class and redshift. In particular, a narrow H α line and N II lines are clearly seen in the spectrum. Hence, we are dealing with a Seyfert 2 galaxy with an active nucleus at red-shift z = 0.023 ± 0.001(D L 121M pc). Our redshift estimates agree well with those from Hasegawa et al. (2000) . Note that in Rojas et al. (2017) , where the Swift/BAT catalog of sources with identifications is presented, this source is known under the name 2PBC J1649.3-1739 and it was also classified as a Seyfert 2 galaxy. Note that such an interesting effect as the absence of oxygen lines in the spectrum of a Seyfert 2 galaxy can be explained by significant additional absorption in the galaxy itself, because we see it edge-on. For this reason, such objects, even if they are located nearby, are fairly difficult to investigate in the optical band. At the same time, they are perfectly suitable for research by X-ray observatories, for example, the INTEGRAL observatory. A number of objects like IGR J16494-1740 were previously considered by Burenin et al. (2008) . 
IGR J17098-2344
Analysis of the archival observations of IGR J17098-2344 by the INTEGRAL and XMMNewton space observatories (ObsID 0206990701) allows us to study its spectral properties in a wide X-ray range and to determine its possible optical counterpart (Tables 2 and 3, Fig. 7) . Note that the soft X-ray counterpart of the source was detected previously by the ROSAT observatory (Voges et al. 1999 ) and is known under the name 1RXS J170944.9-234658. Using our spectroscopic observations with RTT-150, we were able to determine the redshift of the optical counterpart z = 0.036 ± 0.001(D L ± 163M pc), which agrees well with the estimates of z ± 0.0364 from Durret et al. (2015) devoted to the spectroscopic studies of a large sample of galaxies. The study of spectral lines allowed the true class of the source to be determined. On the one hand, in contrast to the previous objects, here we ran into some ambiguity in interpreting the spectrum obtained. On the other hand, according to our observations, the line flux ratio F Hβ /F O III for IGR J17098-2344 is about 3.7, which defines this object as an Sy1.2 galaxy. On the other hand, the equivalent width of the Hβ line is less than 1200 km s −1 and, in addition, a significant emission in Fe II lines is detected in the spectrum of IGR J17098-2344. The latter is typical for narrow-line Seyfert 1 galaxies, NLSy1 (Osterbrock and Pogge 1985; Goodrich 1989) . Note that the object 2PBC J1709.7-2349 with coordinates close to those of IGR J17098-2344 is present in the catalog of hard X-ray sources detected by the BAT/Swift telescope. that both these sources are the same object. These authors classified the counterpart of the source as Sy1.2.
Note also that for the best description of the source's broadband X-ray spectrum we had to add an exponential cutoff at a relatively low energy to the model of a power law with absorption, which is not characteristic for typical AGNs. Furthermore, the additional factor that allows the normalizations of the two data sets to be equalized differs significantly from unity and is 0.53 ± 0.16, which may suggest the object's variability.
Thus, it can be asserted with confidence that the soft X-ray source detected within the INTEGRAL error circle is an AGN. However, it is impossible to unambiguously assert that precisely this source is a soft X-ray counterpart of IGR J17098-2344. This object requires a separate additional study, for example, by the Nustar observatory.
IGR J17422-2108
Owing to the fact that the sky region containing IGR J17422-2108 fell into the XMM-Newton field of view during the session of observations of the pulsar PSR J1741-2054 (ObsID 0693870101), we were able to improve the localization of this object and, having combined these data with the INTEGRAL data, to construct its broadband spectrum ( Table  2 , Fig. 8 ). It is clear from the XMM-Newton observations that only one soft X-ray source, which we will consider as a counterpart of IGR J17422-2108, falls into the INTEGRAL error circle. Despite the fact that the source is at the edge of the MOS2/XMM-Newton field of view, it is bright enough for its position to be determined with a ∼ 2 accuracy. Fig. 4 for IGR J17098-2344. The X-ray spectrum of the source was obtained from the MOS2/XMM-Newton (black dots) and IBIS/INTEGRAL (red dots) data. The solid curve is the fit to the X-ray spectrum by a power law with an exponential cutoff.
The X-ray spectrum of this object reconstructed from the above data is well described by a power law with a slope Γ = 1.70 ± 0.05 supplemented by photoelectron absorption. Note that such a slope is typical for extragalactic objects. The introduction of an additional factor equal to 1.49 ± 0.44 in the model was required to achieve the best agreement between the data obtained by different observatories, which may suggest that this object is variable.
Simultaneously two relatively faint optical objects fall into the XMM-Newton position error circle of the source (see Fig. 8 ). Using RTT-150, we obtained a spectrum for the optical object closer to the center of the XMM-Newton error circle of IGR J17422-2108. A broad redshifted H α emission line and a number of other features, including narrow [O III] 4959, 5007 lines, are clearly seen in this spectrum. They confirm an extragalactic nature of the object and allow it to be classified as a Seyfert 1 galaxy at redshift z = 0.106±0.001(D L 505M pc). Thus, we can compare the soft X-ray source detected by XMM-Newton with this optical object and classify IGR J17422-2108 as an AGN.
Note that the soft X-ray counterpart of IGR J17422-2108 investigated in this section is also known under the name 1SXPS J174211.7-210354 (Evans et al. 2014 ). However, according to the data from this catalog, the source's position is shifted by 5 relative to the position of the source detected by XMM-Newton. This, along with the more significant localization uncertainty (3.7 ), did not allow a reliable optical identification of this object to be made previously in such a crowded part of the sky.
IGR J18044-1829
Owing to the XRT/Swift observations (ObsID 00010169001,00010169002; June 2017), we were able to improve the localization of this source, to measure its X-ray flux, and to construct its Xray spectrum. The combined broadband spectrum of the source can be fitted by a power law with an exponential cutoff ( Table 2 , Fig. 9 ), which is typical for Galactic objects. Note that IGR J18044-1829 is close to the Galactic plane (l ≈ 11.19 • , b ≈ 1.53 • ) in a fairly crowded field, and, therefore, several star-like objects, each of which could be an optical counterpart of the source, fall into the XRT error circle. The sources detected at a statistically significant level in the mid-infrared do not fall into the XRT/Swift error circle, which also complicates the determination of the true counterpart of IGR J18044-1829. Thus, further studies by Xray telescopes with a better positional sensitivity, for example, by the HRC/Chandra telescope, are needed for an unequivocal identification of the object being investigated. 
IGR J18141-1823
Krivonos et al. (2017) pointed out that IGR J18141-1823 most likely corresponds to 4PBC J1814.1-1822 from the Swift/BAT catalog. Using the publicly accessible XRT/Swift observations of the sky region around the source (ObsID 00043949001), we improved the localization of the object, determined its flux, and reconstructed its broadband X-ray spectrum by combining them with the IBIS/INTEGRAL data (see Fig. 10 , Tables  1 and 2 ). The source's spectrum can be described by a power law with a slope Γ 1.95 supplemented by interstellar absorption. The soft X-ray source falling into the INTEGRAL error circle is also known under the name 1SXPS J181414.8-182310 (Evans et al. 2014) . To determine a possible counterpart of the source and its nature, we performed a further study of the object's fields in the mid-infrared using the archival data of the Spitzer space observatory (see Fig. 10 ). According to the data from the GLIMPSE/Spitzer sky survey, an infrared source with colors ( broad emission lines. However, the above values disregard the influence of interstellar extinction on the source's colors, whereas the above criteria are valid for the true colors of objects. The mid-infrared emission is known to be affected weakly by extinction. However, since the source being investigated is close to the Galactic plane (l ≈ 12.4 • , b ≈ −0.42 • ), this question requires a separate consideration. A significant advantage from the viewpoint of the position in the sky is the closeness of IGR J18141-1823 to the Galactic bulge, because this allows the above estimates to be made in a fairly understandable way. As a reasonable approximation we assume that for sky regions toward the Galactic bulge close to the Galactic plane the distribution of absorbing matter relative to the central part is nearly symmetric. Thus, in what follows, we will take the extinction and reddening to the far edge of the Galaxy to be twice those measured to the Galactic bulge in the corresponding directions. We consider the reddenings obtained in this way as the maximum possible ones in the Galaxy for a given direction, i.e., this correction is suitable precisely for extragalactic objects, whereas for Galactic ones it must be smaller. First of all, let us determine the reddening to the Galactic bulge E([3.6]− [4.5] ) bulge . This can be done by investigating the positions of red clump giants (RCGs) on the color-magnitude [3.6]([3.6] − [4.5]) diagram constructed in the corresponding direction for all star-like objects within 10 around the source being investigated. Such a significant radius was chosen, because on the edge of the bulge the RCG density is much Fig. 11 . Color-apparent magnitude diagrams constructed in different infrared filters for all stars within 10 of the source being investigated (from UKIDSS data (left)); only for the RCGs around the source being investigated distinguished from the total number of stars according to the algorithm described in the text (from Spitzer data (right)). The color gradients mark the number of stars in each bin of the corresponding histogram.
lower than that at its center. We then compare the observed RCG color with the true RCG color, which is ([3.6] − [4.5]) 0 = −0.10 ± 0.02 (Karasev et al. 2018 ) for the bulge, and, as a result, we obtain the sough-for reddening E([3.6] − [4.5]) bulge . However, when investigating the color-apparent magnitude diagram constructed for mid-infrared filters, it is very difficult to determine the RCG position on it directly (by investigating the local density of objects on the diagram and the broadening of the giant branch). The point is that in these colors objects of different classes differ little between themselves. Moreover, RCGs are usually located at magnitudes close to the detection limits of the corresponding surveys. To solve this problem, we use the approach applied in Karasev et al. (2018) : first we find RCGs on the diagrams constructed for all star-like objects of the sky region being investigated in near-infrared filters (for example, Ks(J -Ks)) from the VVV or UKIDSS data; then we find a correspondence for these RCGs in the mid-infrared. Thus, having identi-fied RCGs on the 
IGR J18544+0839
The XRT/Swift (ObsID 00010173001, June 2017) and IBIS/INTEGRAL observations of the source allowed its X-ray spectrum to be constructed in a wide energy range, which is described by a power law with photoabsorption (see Fig. 12 , Tables 1 and  2 ). According to the PanSTARRS data, only one fairly bright object falls into the XRT error circle.
Using the WISE data, we can identify the PanSTARRS source with WISE J185422.29+083846.2, whose W2 magnitude is W 2 = 11.264 ± 0.028 and colors W 1 − W 2 = 1 and W 2 − W 3 = 2.6. According to the criteria(W 1 − W 2 > 0.8 and W 2 < 15.05) from Stern et al. (2012) , this points to an extragalactic nature of the counterpart (note also a significant brightness of the source in the reddest WISE filter: W 4 = 5.958 ± 0.061) and allows the objects to be provisionally classified as an AGN.
Since IGR J18544+0839 is localized not toward the Galactic bulge, the reddening corrections for the above colors were taken from the standard maps obtained by Schlafly and Finkbeiner (2011) and the extinction law from Indebetouw et al. (2005). The corrections are small (E(W 1 − W 2) = 0.04) even for the first two filters and do not modify our preliminary conclusions about the nature of the source being investigated. Note also that the object's color (W 2 − W 3) 2.65, in addition to the above criterion, also suggests that IGR J18544+0839 is most likely an AGN (according to the criteria from Yan et al. (2013) ).
Note that spectroscopic observations are needed for the final confirmation of an extragalactic nature of the object and its redshift determination.
CONCLUSIONS
We made optical identifications of 11 hard Xray sources from the 14-year INTEGRAL allsky survey. Six of them were shown to be Seyfert 1 and 2 galaxies. The redshifts were measured for them. According to a number of indirect selection criteria in the mid-infrared, four more objects can also be AGNs. However, infrared spectroscopic observations are needed for this to be finally confirmed. For one more object we failed to make an unequivocal optical identification due to the insufficient (for a crowded field) XRT/Swift localization accuracy. Note also that in most cases the X-ray data in different bands obtained at different times by different Tables 2 and 3 .
In conclusion, it should be noted that since the INTEGRAL position error circle for X-ray objects is fairly large and since many of the Xray sources are transient, situations where the sources detected by the Swift and XMM-Newton observatories within the INTEGRAL error circle may turn out to be there serendipitously and may not correspond to a real hard X-ray source (which was inactive at the time of observation) are quite probable. Additional observations by the Nustar observatory with a high sensitivity in a wide energy range can give the necessary information to answer this question.
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